Pre and Post Combustion CO, Capture Strategies Using

Membranes
Richard A. Callahan Kevin C. O’Brien Robert R. Dill
Enerfex, Inc. SRI Consulting Specialty Filaments, Inc.

May 8-11, 2006 e Hilton Alexandria Mark Center e Alexandria, Virginia




SO, & retain N,

e Economics driven by permeability &
selectivity

e Higher permeability lowers membrane capital

e Higher selectivity lowers capture power
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Founded by Stanford University in 1946
— A nonprofit corporation

— Independent in 1970; changed name from
Stanford Research Institute to SRI International

in 1977
e Sarnoff Corporation acquired in 1987

2,000 staff members combined

— 800 with advanced degrees
— More than 15 offices worldwide
» Consolidated 2005 revenue: $390 million
e Multidisciplinary teams formed to commercialize
technologies

Sarnoff Corporation,
Princeton, NJ

 Sarnoff India
* SRI Taiwan

SRI - State College, PA SRI - Tokyo, Japan  SRI - Washington, D.C.



Employees Capital Plant: $4B

LLNL: 7,250 Site for National Ignition
Other: 750 Facility (NIF)
Annual Operating and Capital funds: ~$1.6B/yr
LLNL Mission:

Ensuring national security and applying science and technology to the
important problems of our time




Specialty Filaments, Inc. 'F

SPECIALTY
FILAMENTS INC.

e Operating since 1873
e Have produced hollow fibers since 1970
e Several US and Foreign patents covering hollow fibers
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Power Plant suggests locating MSU between scrubber & stack
e Stack Gas Temperatures of 125-135°F (50-60°C)
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Enerfex, Inc. patented MSU system is the most economic approach
First Stage: High permeability and high recovery MSU
Second Stage: High selectivity and High Purity MSU



site would be coal-fired
Navajo Generating
Station or Coronado
Plant near Navajo Nation

System located between
scrubber & stack based
on discussions with plant
engineers
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Stack & Scrubber At Navajo
Generating Station



Fabricate SLIP Deploy and Test

T Membrane Module, Skid at Power Plant
integrate into skid and

Integrate Turbo .
evaluate in controlled

Compressor with .
Skid and Produce setting

SLIP coated Fiber Year 3
Year 2
Year 1



s To Stack

lower than conventional amine-

o based technologies
=~ Cut away of 835 5
microporous hollow fiber s
with SLIP membrane %
N CO2+NOx+SOx on outside surface :
¥ Nitrogen :
¥ Flue Gas 5

Schematic of working
membrane module

Today's Technology : Future Capture Based
MEA on SLIP



Tons CO, emission / MWH w/ capture: 0.182
Capture cost $/ ton CO, avoided: $11.90

Storage compression cost $/ ton CO, avoided: $3.70
Combined cost $/ ton CO, avoided: $15.60
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Features and Benefits:

*  The non-chemical MSU can be shutdown and restarted quickly.

*  Quick shutdown and restart of the MSU enables a coal power plant to
supply base and peak load power.

Fuel would be Powder River (PWR) coal at $0.95/ Million BTU instead
of a separate peak load power plant fueled by gas or oil at $7.00/
Million BTU.
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e Economics driven by permeability &

selectivity in the membrane for H2 over CO &
CO,

e Higher permeability lowers membrane capital

e Higher selectivity lowers capture power
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Based on : Evaluation of Innovative Fossil Fuel power Plants with
CO2 Removal, DOE / EPRI 1000316
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e Adds an MSU

e Increases ASU capacity



e MSU carbon capture system eliminates the
possibility of H, loss in the CO, solvent
stripper

e MSU carbon capture system cost goal 1s
<$10.00 /ton CO, avoided



ave , loss 1s , capture

e Added challenge to design CO fueled gas
turbine 1n addition to a H, tueled gas turbine



e Post combustion methods utilizing advanced
SLIP based membranes show promise for CO,
capture 1n existing Pulverized Coal facilities

e Pre combustion methods utilizing existing
membranes are economic today

e Economics of pre combustion will improve
utilizing SLIP membranes





